High pressure spectroscopy of Kapton® polyimide film revealed a pressure-induced red shift of the absorption band edge in the visible. This shift was interpreted through application of Mulliken charge transfer complex theory and suggests that the low energy transition in polyimides is the result of an intermolecular charge transfer complex.
I. Introduction
The origin of the color of polyimide films has been a mystery for some time.
Initial studies suggested that interactions between the aromatic backbone moieties and the imides might lead to a low energy charge transfer transition in the absorption spectrum. Studies of low molecular weight model imides supported this assumption (1 ) , and spectroscopic examination of a series of polyimides indicated the presence of a low energy transition which was dependent upon the ionization potential of the diamine segment in the polymer backbone (2, 3) . One of the more interesting ramifications of this work has been the use of the charge transfer complex hypothesis to explain and predict structureproperty relationships of polyimides (4, 5) . In this paper, we present data on the high pressure electronic spectroscopy of Kapton® polyimide film and . show how these spectra provide direct evidence of intermolecular charge transfer complex formation in polyimide films.
Experimental
Kapton® polyimide film samples were commercial material 0. This procedure was repeated for each pressure increment up to 12 GPa.
Results and Discussion
The high pressure transmission spectra of Kapton® polyimide film band edge in the visible are shown in Figure 1 as a function of pressure.
Because of the high absorption coefficient of the film, the techniques employed could not be used to monitor the absorption maxima. Figure 2 shows the variation of the absorption edge of Kapton® polyimide film with pressure, where the absorption edge has been arbitrarily defined as the wavelength at which the transmission coefficient drops to 1% of the maximum value. Although the absorption edges broaden slightly with increase in pressure, as is evident in Figure 1 , this does not have a serious effect on the steepness of the absorption edge, so the slope_ of the absorption edge versus pressure curve in Figure 2 should not be dependent upon the definition of the absorption edge. At pressures below 120 kB, the spectroscopically observed changes were strictly reversible.
The apparent red shift of the absorption band edge in Kapton® polyimide film is consistent with an assignment of this low energy transition as charge transfer in nature. The pressure dependence of organic charge transfer complexes has been studied in the solid state, solution; and in polymer matrices (7) (8) (9) (10) (11) (12) . These studies demonstrate that the charge transfer transition in organic species show a pressure dependence which is
4
. I "-characterized by an increase in intensity, an invariance of the absorption band width, a change in the complex equilibrium constant, and an energy shift which is variable in magnitude and direction depending upon the composition with increasing pressure. All of these changes can be understood in terms of Mulliken charge transfer theory (13) , and have been outlined. by Offen (11) and Sawamura (8) . In this analysis, the energy of the charge transfer transition, hv ct· is given by (13, 8) :
where W 0 is the energy of the no-bond structure, W 1 is the energy of the "dative" structure, and W 0 1 is the interaction matrix, which is approximately proportional to the overlap integral s 01 . For a weak charge transfer complex, s 01 < 1 and 4 (3 0 (3 1 << E 2 (13) . IP and Ea are the ionization potential of the donor and the electron affinity of the acceptor respectively , while e and r DA represent the charge on an electron and the intermolecular spacing, respectively. As pressure is increased, r 0 A decreases and 8 01 increases, resulting in an overall decrease in the energy of the charge transfer transition and a red shift of the absorption maximum; such a shift is found in the data shown in Figures 1 and 2 .
The data presented in Figures 1 and 2 show only the band edge of the spectrum. As the data do not show a true shift in the absorption maximum, additional factors which may lead to the observed red shift need to be considered. With increasing pressure and decreasing r 0 A, the increase in 8 01 increases the magnitude of charge transfer, and thus the intensity of the charge transfer band is amplified (13) . Although the width of the transition is invariant with pressure, the band edge will appear to shift to lower energy with an increase in the intensity, over and above the intrinsic red shift of the absorption maximum. This result is .also an implication of charge transfer nature of the band edge. In addition to electronic considerations, the equilibrium constant for complex formation is expected to increase with increasing pressure (1 0,14) . A larger equilibrium constant results in an increase in the intensity of the charge transfer absorption and will be apparent as a red shift in the band edge.
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